Novel phosphonium salts display in vitro and in vivo cytotoxic activity against human ovarian cancer cell lines.
Phosphonium salts are part of a class of lipophilic cationic molecules that accumulate preferentially in mitochondria and inhibit the growth of human and rodent carcinoma cells in vitro and in animal models. The delocalized cations tested previously such as dequalinium have exhibited considerable cross resistance against multiple drug-resistant cells expressing gp 170. In order to overcome this cross resistance, we have developed two novel phosphonium salts which contain haloalkyl moieties with potential protein alkylating capabilities. 3-Chloropropyltris(4-dimethylaminophenyl)phosphonium chloride (APPCL) and 3-iodopropyltris(4-dimethylaminophenyl)phosphonium iodide (APPI) are more lipophilic than other phosphonium salts described to date. By comparing the 50% inhibitory concentration (IC50) values for the A2780 human ovarian carcinoma parental line to a multiple drug-resistant variant (A2780-DR), the degree of cross resistance (IC50 for A2780-DR/IC50 for A2780 Parental) were found to be 494 for doxorubicin, but only 2.7 for APPCL. Similarly, the degree of cross resistance using a cisplatin-resistant variant (IC50 for A2780-CR/IC50 for A2780 Parental) was 30 for cisplatin, but only 2.2 for APPCL. APPCL is also active in vitro against UCI 101 (IC50 = 80 nM), an ovarian carcinoma line isolated from a patient who had failed chemotherapy with taxol, doxorubicin, and high-dose cisplatin. The cytotoxicity of APPI was comparable to that of APPCL with an IC50 ranging from 16.7 to 83.0 nM for a panel of seven cell lines. When administered intraperitoneally at a total dose of 46 mg/kg over 15 days, APPCL increased the median lifespan of nude mice bearing UCI 101, from a control value of 48.0 to 92.5 days (P < 0.0061). The median survival of the APPI-treated mice was 55 days. A total of 37.5% of the APPCL-treated group and 12.5% of the APPI-treated group were long-term survivors: sacrifice of these mice on Day 180 and subsequent histology showed no evidence of disease. Exposure to APPCL and APPI caused mitochondrial damage to UCI 101 cells at sublethal doses in vitro, as shown by morphological damage observed with transmission electron microscopy. APPCL appears to decrease the uptake of rhodamine 123 by mitochondria, suggesting that mitochondria may be significant targets or initial reservoirs for this agent. In conclusion, APPI and APPCL show promising anticancer activity against a variety of human ovarian carcinoma cell lines warranting further investigation.